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MULTIPLE RADIO DEVICES FOR
IMPLEMENTING DYNAMIC BAND ACCESS
BACKGROUND

This application claims priority to U.S. Provisional Patent
Application No. 61/603,261, entitled “Intelligent Spectrum
Allocation Based on User Behawor Patterns For Eflicient
Spectrum Usage.” filed on Apr. 11, 2012. This application 1s
related to co-pending Apphcatlon Nos. PCT/US2012/
035780. PCT/US2012/035760 and PCT/US2012/035748,

filed Apr. 30, 2012, the disclosures of which are hereby
incorporated by reference herein 1n their entirety.

BACKGROUND

Embodiments

This disclosure relates to systems and methods that imple-
ment dynamic band access using a multi-mode device
(MMD) containing multiple radios that provide access to
spectrum allocated by primary spectrum holders (PSH’s), or
proxies assigned to manage a given allocations of spectrum,
to temporarily “rent” access to the spectrum they hold to
other entities such as, for example, operators of mobile
wireless networks.

2. Related Art

The last decade and a half has witnessed an explosion in
growth 1n the use of, and requirements for, wireless data
communications, particularly by individual users operating,
for example, through exclusively-licensed wireless network
operators. This growth continues unabated today as the
numbers and types of wireless devices employed by 1ndi-
vidual users to access all manner of wireless networks via
various communication paths continue to multiply, increas-
ing demand for available spectrum. As the increase 1n
demand for wireless data access continues, the world 1s
headed toward a global spectrum shortage. There 1s a finite
amount of spectrum that can be tapped to support wireless
data communication. Availability of wireless spectrum for
the increasing numbers and types of wireless devices 1s key
to the continued use of the spectrum to exchange data, and
to continued economic growth.

An availability of ever increasingly-capable wireless data
communications has also created in individual users an
expectation of a certain quality of service. In short, indi-
vidual wireless data communication consumers, for
example, expect quality wireless data and voice communi-
cations to be available anytime and anyplace. If solutions are
not found, users of certain MMD’s will frustratingly expe-
rience increased instances of dropped calls and slow data
speeds all while paying higher fees for access to the scarce
resource that will be the wireless voice and data communi-
cation spectrum.

Wireless MMD’s are used to provide individual custom-
ers virtually instantaneous and continuous wireless access to
email, social media, applications and streaming video. These
MMD’s are estimated to use 25 to 125 times the amount of
spectrum that was used by earlier generation cellular tele-
phones. Various industry estimates expect growth 1n global
mobile data traflic to double every 1-2 years for the fore-
secable future.

Exclusive mobile spectrum licenses carve out to their
licensees portions of the available spectrum that are used for
wireless data and voice communication. Licensees in any
geographic area include government agencies, which some-
times reserve communication spectrum to certain “required”
wireless voice and data communications. A non-exhaustive
list of these communications users includes broadcast radio
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and television communications, satellite communications,
public safety and emergency services communications, mili-
tary communications, and certain other commercial com-
munication requirements to include, for example, commu-
nications with aircrait for navigation and air traflic control.
Licensees 1n particular geographic areas also include wire-
less network operators such as, for example, mobile cellular
network operators. A cursory review of a breakdown of the
licensed spectrum for any particular geographic area reveals
that the availability of new spectrum to support assignment
ol additional exclusive licenses to any particular licensee 1s
nearly exhausted.

A detailed review of the challenges faced by mobile
cellular network operators as an example starts with an
overview of their operations. Mobile cellular network opera-
tors license spectrum bands for their exclusive use within a
particular geographic region. These entities then contract
with individual customers purchasing or being provided
with network-connected MMD’s to provide certain levels of
service with express or implied guarantees of connectivity,
and of communications fidelity at increasing rates of deliv-
ery. As mobile cellular network communication traflic con-
tinues its dramatic increase, congestion occurs today and the
congestion 1s forecast to rise significantly in coming years n
the portions of the spectrum currently licensed to mobile
cellular network operators to support wireless voice and data
communications.

In the face of current and forecast 1ssues regarding net-
work congestion 1n their licensed spectrums, wireless net-
work operators have taken to purchasing additional exclu-
sive spectrum licenses 1n the secondary market from other
exclusive licensees (spectrum holders) whose licensed spec-
trum 1s underused or otherwise available. Buying additional
spectrum licenses allows wireless network operators to build
or expand their networks and handle more customer traflic.
In fact, 1 late 2011, one major mobile cellular network
operator 1n the U.S. reached an agreement, subject to regu-
latory approval, to buy a license for a small swath of wireless
communication spectrum (around 20 MHz) from several
broadcast cable companies for an amount that was reported
to be 1n excess of three and one half billion dollars.

Efforts are ongoing to optimize wireless data communi-
cation to make more effective use of available spectrum.
Consider the available spectrum as a pipe with a finite
maximum diameter. Ongoing el

orts attempt to optimize the
flow of data through that pipe, thereby reducing the amount
of spectrum used. These eflorts include use of compression
techniques, video optimization and burst transmissions such
that overall data transmission through the pipe 1s streamlined
and optimized, 1.e., techniques are implemented to pass
larger amounts of data in what appears to be a smaller
volume of flow through the pipe. Additional eflorts are
focused on concepts such as Wi-F1 oflload or small cell
development to ease the burden on the saturated portions of
the spectrum exclusively licensed to mobile cellular network
operators. All efforts at making data flow more eflicient,
thereby 1mproving spectral ethiciency, will reap benefits.
Regardless of these eflorts, however, the pipe will never get
any bigger due to the fixed, fimite spectrum covered by
licenses. The above efforts may delay the mevitable. There
will still come a time, however, when currently-licensed
portions of the spectrum that support mobile voice and data
communications will be overburdened. When this overbur-
dening occurs, a mobile cellular network operator has at 1ts
disposal methods, some of which are used today, by which
to maintain service across 1ts exclusively-licensed spectrum
for all of 1ts individual customer MMD’s. Often these
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methods reduce the quality of service experienced by indi-
vidual customers. Common techniques include, for example,

mobile cellular network operators “throttling™ rates at which
data may be received by individual customers” MMD’s. As
with any supply and demand scheme, a wireless network
operator can exact a premium from certain of 1ts individual
customers according to currently-licensed spectrum for 1its
use to prioritize which individual customers get “throttled”
last.

SUMMARY OF DISCLOSED EMBODIMENTS

A review of use of certain of the above-discussed licensed
spectrums, other than those licensed to mobile cellular
network operators, reveals that, although allocated to a
specific entity for use at particularly scheduled times or on
an as-needed basis, an overall rate of use of certain licens-
ces’ spectrum may actually be very low. The spectrum that
1s allocated to certain services, other than voice and data
communication and Wi-Fi services, may experience actual
overall average use rates as low as 1%. For example, some
entities only require high use of their spectrum in times of
emergency. Theoretically, across the wireless spectrum, up
to an estimated 4 GHz of spectrum 1s underused.

One mdustry solution that has been suggested would be to
allow idividual MMD’s to conduct autonomous spectrum
sensing to detect unused spectrum and to tap into that
spectrum for individual MMD’s to use on an ad hoc basis.
This “open market” or “opportunistic” method, which
allows the mdividual customer to seek out and use the most
cllective and economical service regardless of how that
service 1S delivered to the individual customer’s MMD, 1s
not according to the current paradigm. This method appears,
according to current technology, to pose a level of chaos that
will not solve the problem 1n a disciplined enough manner
to be viable. Often, spectrum holders whose spectrum may
be accessed require full control of their spectrum at certain
times without interference from encroaching MMD’s. The
spectrum sensing solution would disrupt such control and
introduce interference. There may come a time when an
open market method may be feasibly implemented. At that
time, the systems and methods according to this disclosure
may be implemented directly with individual MMD’s.

Some have suggested that the allocation of spectrum
should implement utility models based on fairness, content
type, and diflerences in providers. This suggested solution 1s
largely discounted as it 1s postulated to create fragmentation
and lead to inefliciencies that would only exacerbate the
currently-forecast difliculties. Others have suggested using
cognitive pilot channels (wireless spectrum) to advertise
available unused or underused spectrum. This “solution,”
however, would require use of additional spectrum to 1mple-
ment the advertising and would be largely uncontrolled
leading to 1increased chaos. Use of static databases to locate
unused spectrum has also been proposed, but 1s not consid-
ered dynamic enough to manage the problem longer term.
Spectrum required by individual users for any given period
in any given location 1s dynamically changing, particularly
when the users are mobile. This calls for an equally dynamic
automated solution by which to manage spectrum allocation.
The problems of overcrowding in certain portions of the
spectrum can be alleviated by executing a disciplined
scheme to tap 1nto the underused portions of the spectrum 1n
a manner that meets the requirements of all of the respective
licensees.

In contrast to the open market method described above 1s
a “controlled market” method. The controlled market
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method 1s based on the mobile cellular network operator/
individual customer model in place today. An individual
customer does not generally access spectrum except through
the licensed spectrum controlled by the mobile cellular
network operator that provides the service and equipment
(MMD) to the individual customer. It 1s 1n this model that the
mobile cellular network operator provides a contracted-for
level of service with certain guarantees and disclaimers,
while exercising some level of control. For example, based
on this relationship, the mobile cellular network operator
can throttle an individual customer’s access to wireless
communications by slowing the rate at which those com-
munications are provided to the individual customer’s
MMD. The mobile cellular network operator could also
block data transmissions from reaching the individual cus-
tomer’s MMD. The mobile cellular network operator can
also control what applications individual customers may be
able to access, and what applications the individual custom-
ers’ MMD’s may support. Because the controlled market
method 1s the method generally 1n place today, the balance
of this disclosure will appear to make reference to 1mple-
mentation of the disclosed systems and methods 1n a con-
trolled market. It should be recognized, however, that the
systems and methods according to this disclosure, as 1ndi-
cated above, may be equally enabled in an open market
method, 11 an open market method becomes the paradigm for
supporting individual customers’® wireless communication
needs. Also, the term mobile cellular network operator 1s
used to generically refer to any commercial provider that
exclusively licenses spectrum 1n support of providing wire-
less data and voice communications to a number of 1ndi-
vidual users on a for-fee basis.

Based on the above shortialls, a new paradigm 1s emerg-
ing for global spectrum optimization in a controlled envi-
ronment. New to the wireless industry 1s a discussion of
temporary spectrum license rental/leasing, as opposed to
spectrum license sale. This rental/leasing of temporary
access to spectrum availability may be undertaken wvia
auction or secondary market transactions. Exclusive licens-
ees of unused or underused spectrum, referred to here as
PSH’s may provide an amount of spectrum at a particular
time, 1n a particular location, and 1n a particular frequency
band, to the marketplace in which licensees that require
additional spectrum may acquire temporary access to the
oflered spectrum for a monetary fee or other appropriate
consideration. There 1s a worldwide push for regulations that
allow licensed spectrum holders to temporarily transier, e.g.
rent or lease, access to their unused or underused spectrum
to other entities requiring spectrum such as mobile cellular
network operators. This creates a win-win situation where
the other entities gain access to additional spectrum
resources, which would not otherwise be available, while the
PSH’s with unused spectrum get a financial incentive or
other consideration. This may be particularly attractive to
the large majority of licensed spectrum holders whose use of
their spectrum 1s well less than 100%, but that are not able
to relinquish the spectrum completely through sale or other
transaction based on their need to keep the spectrum
reserved to their own use 1n certain areas at certain times.

According to proposed schemes, multiple PSH’s having
underused spectrum may act as spectrum suppliers. Multiple
alternate spectrum holders (ASH’s), such as, for example,
mobile cellular network operators, may seek to augment
their own exclusively-licensed spectrum by obtaining addi-
tional spectrum availability from the spectrum suppliers as,
for example, spectrum renters. The mobile cellular network
operator needs to support 1ts individual customers operating
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its individual MMD’s connected to the mobile cellular
network. The mobile cellular network operator 1s 1mn a
position to monitor the use of its network by 1ts individual
customers according to time and location. When the mobile
cellular network operator determines that its licensed spec-
trum will not meet customer demand for a particular location
at a particular time, e.g., busiest periods of the day, the
mobile cellular network operator, acting as an ASH, may
execute a transaction such as, for example, placing a real-
time bid for spectrum, to temporarily acquire additional
spectrum 1n a particular location at a particular time that has
been made available by a PSH 1n a controlled marketplace.

Prior to offering portions of 1ts underused spectrum to the
marketplace for access by potential ASH’s, the PSH gener-
ally needs to be assured that 1t can regain control of 1its
spectrum when a need arises. A clear mechanism to support
such assurances 1s provided in the exemplary embodiments
discussed 1n this disclosure. As discussed 1n this disclosure,
DSA generally refers to a scheme that allows PSH’s to
temporarily rent their spectrum to ASH’s on the condition
that the rented spectrum can be reclaimed by the PSI on
demand. It 1s estimated that, through implementation of such
a scheme across all spectrum to 6 GHz, as much as 75% of
the underused 4 GHz of spectrum may be recovered for use
by multiple ASH’s. This complete recovery would require
tull implementation of a brokering scheme and full coop-
eration from all PSH’s. Actual implementation may 1nitially
realize a recovery of spectrum at well less than 2 GHz as it
1s anticipated that certain PSH’s may choose not to partici-
pate, and others may temper their participation. To put the
above numbers 1n some perspective, however, i1t should be
realized that a 500 MHz recovery would effectively double
the amount of spectrum currently available for mobile
cellular network communications.

A challenge 1n achieving an eflicient and scalable DSA
scheme that becomes economically viable 1s effective spec-
trum management. In other words, given the temporary lease
of spectrum to different operators or users, in different
locations, for different time periods, a challenge resides 1n
determining how best to coordinate the lease of the spectrum
so that the brokering scheme maximizes: (1) the incentive
tor ASH’s; (2) the incentive for PSI’s and (3) experience for
the user/operator that 1s paying for that spectrum (1deally,
with minimal cost), all while avoiding interference and
assuring the PSH that 1ts spectrum 1s recoverable on
demand. This 1s an optimization problem that lends 1tself to
use of computational analytics. Currently, there are no
known global spectrum management schemes with compu-
tational analytics across networks employing DSA. While
wireless network operators make use of spectrum manage-
ment within their own networks, there 1s no cross-network,
Or cross-operator, spectrum management between potential
ASH’s. Today, with spectrum exclusively licensed, there has
been no push for large scale spectrum management. How-
ever, with future spectrum exhaustion of their exclusively-
licensed spectrum expected by carriers, the larger pool of
rented spectrum provides a greater pool of spectrum
resources from which to optimize utilization, 1.e., optimiza-
tion would no longer be limited to just the local spectrum
resources of each individual carrier.

An overarching CSS approach to realizing a form of DSA
centered on the cloud 1s proposed 1n U.S. Provisional Patent
Application No. 61/603,261. Specifically, the cloud 1s envi-
sioned as the mechanism to enable management, 1n real-time
or 1n near real-time, of the dynamic allocation, reclaiming,
de-allocation, auditing, and optimizing the use of spectrum

10

15

20

25

30

35

40

45

50

55

60

65

6

that has been the subject of a transaction between PSH’s and
operators/users/content providers acting as ASH’s.

Application No. PCT/US2012/035780 proposes a two-
level spectrum management analytic optimization that effec-
tively bifurcates spectrum optimization requirements and
responsibilities between a regional global spectrum broker
and local optimization by each operator for 1ts own cellular
network. That application specifically discusses a concept of
local and global optimization for spectrum management
according to a specified brokering scheme.

As an aid to the optimization described in the 780
application, Application No. PCT/US2012/035760
describes 1nputs, outputs and guidelines of an algorithm
used to resolve spectrum optimization at one or both of the
global and local spectrum broker levels described 1n the 780
application. Each of the inputs discussed i the 760 appli-
cation may be employed to generate appropriate output
profiles for multi-mode devices (MMD’s), or wireless
devices, 1n support of the DSA. The 760 application spe-
cifically describes implementing a spectrum management
analytics (SMA) algorithm that references a plurality of
enumerated mputs to generate a set of output parameters for
use by an MMD 1n optimizing spectrum use for the spectrum
resources made available to that MMD. The SMA algorithm
1s described as being a part of a cloud spectrum broker
(CSB) analytic. The CSB analytic provides for: (1) Manag-
ing CSS ftransactions 1involving transfer of spectrum
resources irom participating PSH’s to one or more ASH’s;
(2) Reclaiming spectrum resources from an ASH back to the
corresponding PSH on request; (3) Imtiating queries to
PSH’s based on requests from MMD’s, or through other
ASH’s; and (4) Performing a series of predictive resource
allocations that may optimize spectrum use as the MMD
moves between a number of regions.

The multiple and varied sources of information generally
described 1n the 760 application provide information regard-
ing: a radio mterface, MMD capabilities, base station capa-
bilities, information from geographic databases, information
from a spectrum availability database (such as a CSD),
information from an MMD profile database, and information
regarding outstanding requests, which may represent a com-
pilation of application characteristics. MMD mobility mod-
els, and information on visible networks.

To realize the CSS approach described in the 261 Provi-
sional application, a cloud spectrum database (CSD) 1s
proposed, with detail provided in related Application No.
PCT/US2012/0357748, to serve as a dynamic and 1nteractive
repository for several of the classes of information discussed
in the 760 application associated with a dynamically chang-
ing listing of spectrum availabilities. The systems and meth-
ods described in the [0068] application implement the CSD
by which spectrum availability 1s defined and cataloged
according to individual data elements and offered for trans-
actions with ASH’s and MMD’s according to a common unit
measurement system. In the 748 application disclosure, the
defined metric for the disclosed common unit measurement
system 1s referred to as a time-frequency unit or TFU. One
TFU may be defined, for example, according to a unit of
spectrum being available for a specified time. e.g., 1 MHz of
spectrum being available for use for 1 second at a given
location. Every spectrum resource negotiated i CSS trans-
actions may be represented (transierred) in multiples of
TFU’s, each TFU representing a contiguous time by fre-
quency tile.

The 748 application specifies that, in the CSD, spectrum
availability may be defined according to a plurality of
information entries, including at least a frequency band
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(band ID), a start frequency and an end frequency. Each
entry may also be accompanied by a series of individual
parameters that may be used to further describe the spectrum
availability 1n order that an ASH or MMD may make an
ofler for acquisition of several units of spectrum availability
according to the information provided. These individual
parameters may include: (1) an indication that the available
spectrum 1s licensed; (2) an indication that the available
spectrum 1s subject to being reclaimed by the PSH that made
the spectrum available to the CSD, 1.e., subject to pre-
emption by the PSH, with appropriate details of the imme-
diacy, for example, of the recall; (3) a start time of the
spectrum availability; (4) an end time of the spectrum
availability; (5) a maximum power level that the PSH
authorizes to use over this available spectrum; (6) a geo-
graphic location regarding this available spectrum; (7) a cost
(monetary or other consideration) per TFU, or other appro-
priate unit price, for use of the available spectrum; and (8)
an indication of an identity of an ASH or MMD using a
particular portion of the available spectrum based on a
transaction such that, in a case that a PSH wants to reclaim
the spectrum that 1t made available, but that 1s in use, the
CSD will facilitate contact with the entity to ensure that the
entity’s ceases operation in that spectrum.

Wireless telecommunications are supported by different
frequency bands across the available spectrum. Generally,
these bands may be categorized as International Mobile
Telecommunication (IMT) bands, which are the bands that
are generally exclusively licensed by the operators of mobile
wireless networks, such as mobile cellular networks, within
which individual MMD’s are configured to operate, and
non-IMT bands that are otherwise exclusively licensed by
other types and categories of entities generally described as
PSH’s in this disclosure. There 1s a process within the
International Telecommumnication Union for deciding and/or
designating IMT bands.

Exemplary embodiments of the disclosed systems and
methods may mmplement dynamic spectrum access with
individual MMD’s that incorporate multiple radios 1n a
single device.

In exemplary embodiments, an MMD may make use of

the mcremental spectrum by maintaiming a data communi-
cation link via a base station that may be operated by a
primary operator ASH to support communications in the
primary operator ASH’s exclusively-licensed spectrum. This
data communication link may be maintained by a first radio,
the data commumication link being used to support a first
level of data communication, as well as to signal availability
of the incremental band(s) of additional spectrum to the
MMD.

In exemplary embodiments, an ASH or MMD may com-
municate with a cloud entity such as, for example a CSD or
CSB to request access to additional spectrum that may be
offered by one or more PSH’s. A separate authentication
procedure may be employed that may be complex, slow,
costly or difficult to implement 11 the MMD employs the first
radio, the same radio that maintains ongoing connection
with the primary operator ASH. A second radio may facili-
tate access to the additional spectrum for data communica-
tion while maintaining the data communication link with the
first radio.

Exemplary embodiments may support scenarios in which
incremental dynamic spectrum provided to the MMD by the
spectrum marketplace may be more efliciently provided via
the second radio. This may represent an improvement over
conventional MMD’s that employ a single 4G radio for
aggregation ol multiple frequency bands from the same
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primary operator ASH, or two radios of diflerent genera-
tions, e.g., a 20 radio and a 3G radio, for connections

focused separately on voice and data communications.
There are currently no dual radio approaches for maintaining
separate and optimal data connections.

Exemplary embodiments may use an MMD having a
two-radio architecture that 1s characterized by having a first
radio, differentiated 1n this disclosure as a “baseline” radio,
for connection to the primary operator ASH’s spectrum, and
a second radio that may be of a same or a difierent
configuration, differentiated in this disclosure as a “turbo”
radio, that may be designated for dynamic spectrum use.

In exemplary embodiments, the baseline radio may be, for
example, one of an existing GSMA, CDMA, WiIMAX, or
LTE radio. The baseline radio may be used, for example by
the primary operator ASH’s base station to signal to the
MMD what, 1f any, dynamic spectrum bands to use or to
cease using. The baseline radio may also be used, for MMD
requested additional spectrum scenarios, as a data commu-
nication link to the cloud-based entity, such as a CSD or a
CSB, to request incremental spectrum availability.

Exemplary embodiments may provide an MMD 1n which
the turbo radio adjusts a tlexible RF frontend 1n order to tune
to the dynamic band(s) signaled by the base station over the
baseline radio.

Exemplary embodiments may provide, in a single MMD,
a baseline radio and a turbo radio that may be operated 1n a
coordinated or an uncoordinated manner. In a coordinated
operating scheme, the baseline radio and the turbo radio may
be supported by a same common baseband processor. In an
uncoordinated operating scheme, each of the baseline radio
and the turbo radio may be supported by separate baseband
processors. As part of the protocol signaling between the
MMD and the primary operator ASH’s base station support-
ing the MMD, a given operating scheme or mode may be
selected before engaging the turbo radio for use. The choice
of a given operating scheme or mode may depend on a
number of factors. These factors may include cost, power,
traflic and performance considerations. For example, the
uncoordinated scheme may support improved performance
as both radios are free to operate simultaneously and with
separate baseband processors. This advantage may come at
the expenses ol higher power consumption and cost. Con-
versely, a coordinated scheme may allow separate data
streams to be combined 1n a common baseband processor,
which may be harder to accomplish 1n an uncoordinated
scheme.

These and other features, and advantages, of the disclosed
systems and methods are described in, or apparent from, the
following detailed description of various exemplary
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the disclosed systems
and methods that implement dynamic band access using an
MMD containing multiple radios that provide access to
spectrum allocated by PSH’s 1n a spectrum management
scheme will be described, 1in detail, with reference to the
following drawings, in which:

FIG. 1 illustrates an exemplary overview ol connectivity
to the cloud for individual enftities imvolved 1n the CSS
scheme according to this disclosure;

FIG. 2 illustrates a block diagram of a first exemplary
configuration for an MMD according to this disclosure:

FIG. 3 1llustrates a block diagram of a second exemplary
configuration for an MMD according to this disclosure; and
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FIG. 4 illustrates a flowchart of an exemplary method for
operating an MMD according to this disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSED EMBODIMENTS 5

L1

The systems and methods that implement dynamic band
access using an MMD containing multiple radios that pro-
vide access to spectrum allocated by PSH’s will generally
refer to this specific utility for those systems and methods. 10
Exemplary embodiments described and depicted in this
disclosure should not be interpreted as being specifically
limited to particular communication paths or particular
frequency bands, or to specific system infrastructures for
exchanging information with PSH’s, ASH’s or MMD’s, 15
except that at least some of the elements of the disclosed
systems, and methods for using those systems, may com-
municate with cloud based elements for implementing spec-
trum optimization and for delivering dynamic spectrum
according to requests from an MMD or a primary operator 20
ASH within which the MMD operates.

While reference will appear to be directed, throughout this
disclosure, to the disclosed and depicted MMD’s operating
in communication with a primary operator ASH 1n a con-
ventionally understood “controlled market” method for pro- 25
viding wireless communication services, 1t should be under-
stood that the systems and methods according to this
disclosure are not limited to the conventionally understood
“controlled market” method. The disclosed concepts may be
equally applicable to any method for providing wireless data 30
communication services through direct interaction with indi-
vidual MMD’s when such a method becomes feasibly
implemented for the control of wireless data communica-
tion. The discussion references application to the “controlled
market” method only for familiarity and ease of understand- 35
ing of the proposed implementation based on the currently-
understood protocols for implementing commercial wireless
(cellular) communication via a primary operator ASH.

Specific reference to, for example, to the particularly
described and depicted MMD configurations, as well as the 40
references to wireless (mobile cellular) network configura-
tions should be understood as being exemplary only, and not
limited, 1n any manner, to any particular class of MMD’s or
other wireless devices used 1n any particular configuration of
a wireless network, whether fixed or mobile, or as autono- 45
mous units capable of executing transactions for available
spectrum directly with cloud-based elements.

Individual features and advantages of the disclosed sys-
tems and methods will be set forth 1n the description that
tollows, and will be, 1n part, obvious from the description, 50
or may be learned by practice of the features described 1n
this disclosure. The features and advantages of the systems
and methods according to this disclosure may be realized
and obtained by means of the individual elements, and
combinations of those elements, as particularly pointed out 55
in the appended claims. While specific exemplary imple-
mentations are discussed, 1t should be understood that this 1s
done for 1llustration purposes only. A person skilled in the
relevant art will recognize that other components and con-
figurations may be used without departing from the spirit 60
and scope of the subject matter of this disclosure.

In attempting to optimize spectrum use 1 a particular
geographic region, there are a large number of mnputs that
may be considered. These inputs include time-based, loca-
tion-based and frequency-based parameters. Information 65
collected and stored, for example, 1n a CSD 1s intended to
capture a plurality of these parameters to describe spectrum
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availability 1n a single location as part of a cloud-based
spectrum marketplace. With implementation of such a mar-
ketplace, PSH’s who know how often, how much, and
generally at what times, they employ the spectrum exclu-
sively licensed to them, may populate the CSD with infor-
mation appropriate to catalog their proposed spectrum avail-
ability. PSH’s may indicate periods when their spectrum 1s
available, 1n order that potential primary operator ASH’s, as
entities that require or desire additional spectrum services,
perhaps at specific times 1n specific locations, may enter into
a transaction based on the listed periods of spectrum avail-
ability provided to the marketplace via the CSD.

The availability of spectrum to a spectrum marketplace
will sometimes be subject to a PSH’s ability to reclaim that
spectrum on demand, preempting the use of the spectrum by
an MMD. This disclosure will interchangeably refer to such
an occurrence as reclaiming or preempting spectrum use.
This capacity 1s part of the system that implements the
cloud-based marketplace scheme. This requirement, and the
level of uncertainty that 1t introduces, may also drive the
amount of a fee, or other consideration, that the primary
operator ASH may be willing to offer for the spectrum
availability. If, for example, 1t 1s more unlikely than likely
that the spectrum will need to be reclaimed immediately 1n,
for example, a peak period for operations by the primary
operator ASH, that spectrum may garner a higher cost per
TFU than spectrum that may be immediately recallable and
1s likely to be recalled on some routine basis.

FIG. 1 illustrates an exemplary overview 100 of connec-
tivity to the cloud 110 for individual entities involved 1n the
CSS architecture. As shown 1n FIG. 1, the individual entities
may include: one or more multi-mode devices (MMD’s) 120
communicating directly with other of the entities via the
cloud 110, or otherwise through an primary operator alter-
nate spectrum holder (ASH) 130 with which the one or more
MMD’s 120 are 1n communication; one or more primary
spectrum holders (PSH’s) 140; one or more content provid-
ers (CP’s) 150: at least one regional cloud spectrum broker
(CSB) 160: and a generally regional cloud spectrum data-
base (CSD) 170. Although depicted as separate elements in
FIG. 1, one or more of the elements representing the
individual entities 120-170 may actually be resident in the
cloud 110. This may be particularly the situation with the
CSD 170.

Implementation of the spectrum management schemes
discussed above involves exchange of certain data between
PSH’s and ASH’s and/or MMD’s. Spectrum accessibility
may be exchanged based on requests from MMD’s via their
primary operator ASH. Spectrum availability may be speci-
fied according to a plurality of defining parameters. The
defining parameters may include, for example, 1dentification
of a frequency band, and/or separate 1dentification of a start
frequency and an end frequency, which may be used coop-
cratively or independently to define the frequency of the
spectrum availability provided by the PSH. The provided
frequency band may be one or more non-IMT bands. Typi-
cally, MMD)’s operate only 1n IMT bands. Conventionally, a
capacity exists to aggregate IMT-band communication
across multiple IMT bands to the beneficial use of one or
more MMD’s. A capacity to aggregate non-IMT bands to
this use does not exist.

An individual MMD, or a primary operator ASH operat-
ing a base station with which a number of MMD’s operate,
may advise the other elements of CSS architecture of its
capabilities, in the form of an MMD profile for the 1ndi-
vidual MMD or multiple MMD’s. This profile information,

provided for the consideration of a cloud-based entity, such
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as a CSB or a CSD, to allocate spectrum, or for a PSH to
direct its advertising to a targeted market, may include an
indication of the capacity of an individual MMD and a base
station to support signaling by which multiple frequency
bands, including IMT bands and non-IMT bands, may be
agoregated. In this manner, the capacity of a particular
MMD, or group of MMD’s, to support specific levels of
aggregation may provide appropriate insight to the spectrum
marketplace to facilitate optimization of spectrum resources.

The PSH may designate a start time and an end time,
which taken together specily an “availability window” for
the particular spectrum availability. The definition of an
availability window will aid a primary operator ASH or
MMD 1n determining whether a particular offered spectrum
availability meets the requirements of the ASH or MMD.
When taken 1n combination with definition of details regard-
ing potential preemption, the availability window provides a
best guess by the PSH regarding its ability to provide
uninterrupted spectrum availability.

As indicated above, spectrum availability may be subject
to being reclaimed by the offering PSH at any time by, for
example, the PSH sending a “STOP” or “STOP <time>”
message. The “STOP” or “STOP <time>" message may be
the mechanism used by the PSH to reclaim spectrum pre-
viously made available to the CSD and/or the CSB when a
need arises within a particular availability window. When
circumstances arise that require the PSH to reclaim the use
of 1ts spectrum, the CSD and/or the CSB may notify the
associated primary operator ASH or MMD using the pro-
cured m-use spectrum to discontinue use of the reclaimed
spectrum 1immediately 1n the case of a “STOP” message, or
no later than the value indicated by the <time> parameter of
the “STOP <time> message. The CSD and/or the CSB
thereby may cause imformation to be transmitted to the
controlling primary operator ASH, or directly to a using
MMD, to cease use of the in-use spectrum made available by
the PSH.

The PSH may also define a particular cost per spectrum
unit, specified 1n this disclosure with reference to TFU’s to
provide a common framework for the discussion. It should
be understood that other metrics may be used 1n place of a
TFU, and that *“cost” may be met according to monetary
compensation or other considerations.

Because certain elements of the above information may
change very dynamically, each of the entities involved 1n the
transaction communication process described above should
be responsive to these dynamic changes in the imformation
provided. An ability to keep pace with the rapidly changing
landscape of the marketplace may define a requirement for
a fully automated computation engine as a CSB, or to
approprately support and employ the CSD, 1n a manner that
accounts for the dynamically changing conditions regarding
any of the specified parameters on a real-time or near
real-time basis.

FIG. 2 illustrates a block diagram of a first exemplary
configuration for an MMD 200 according to this disclosure.
The exemplary MMD 200 includes multiple radios to facili-
tate communications on multiple frequency bands facilitat-
ing the implementation of a spectrum optimization plan, as
described above. The exemplary MMD 200 may include a
first radio, referred to 1n FI1G. 2 as baseline radio 250, which
may include a baseline radio antenna 2335, and a second
radio, referred to in FIG. 2 as turbo radio 260, which may
include a turbo radio antenna 265.

The baseline radio 250 1s the primary radio by which the
exemplary MMD 200, having a multi-radio capability, may
maintain data communications via a base station operated by
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an ASH as a primary operator of the wireless network within
which the exemplary MMD 200 operates. In this manner, the
baseline radio 250 may access wireless data content via the
primary operator ASH’s exclusively-licensed spectrum.
Based on information provided by the baseline radio 250,
including requests to undertake certain applications, the
primary operator ASH may determine a need at a particular
time to request access to additional spectrum from a spec-
trum marketplace in the geographic region within which the
exemplary MMD 200 1s operating. The exemplary MMD
200 may be mformed of available access to additional
spectrum via 1ts data communications with the base station.
Upon recerving an indication of access to additional spec-
trum, the baseline radio 250 may signal other components in
the exemplary MMD 200 to activate the turbo radio 260.

Once activated, the turbo radio 260 may receive from the
baseline radio 250 mformation forwarded by entities com-
prising the spectrum marketplace regarding frequency-based
and time-based characteristics of the additional spectrum.
The turbo radio 260 may then be automatically tuned to an
appropriate frequency to commence data communication via
the provided additional spectrum. In this manner, the turbo
radio 260 may operate 1n parallel with the baseline radio 2350
to facilitate access to the additional spectrum, while the
baseline radio 250 may maintain 1ts previous data commu-
nications via the base station operated by the primary
operator ASH. Under such parallel operations, incremental
dynamic spectrum access may be provided to the exemplary
MMD 200 in a more eflicient manner than 11 the baseline
radio 250 was tasked with conducting simultaneous data
communication across the different frequency bands repre-
sented by the band with which the baseline radio normally
operates, and some attempt at aggregation of the frequency
band 1dentified for the provided additional spectrum.

In 1mstances when a PSH that made the additional spec-
trum available to the spectrum marketplace forwards an
indication that the PSH requests to reclaim the provided
additional spectrum 1n the designated availability window,
this indication may be received 1n the exemplary MMD 200
by communication with the baseline radio 250. The baseline
radio 250 may then signal the turbo radio 260 to cease
conducting data communication across the additional spec-
trum. Once the turbo radio 260 ceases conducting the data
communication across the additional spectrum, the baseline
radio 250 may inform other entities in the spectrum mar-
ketplace that data communication for the exemplary MMD
200 1n the additional spectrum has ceased. Separately, the
baseline radio 250 may internally signal to turn off the turbo
radio 260. According to another embodiment, communica-
tion via the baseline radio 250 may be interrupted in during
periods of operation of the turbo radio 260. In this embodi-
ment, when the PSH that made the additional spectrum
available to the spectrum marketplace forwards the 1ndica-
tion that the PSH requests to reclaim the provided additional
spectrum 1n the designated availability window, this indica-
tion may be received in the exemplary MMD 200 by
communication with the turbo radio 260. The turbo radio
260 may then signal the baseline radio 250 to re-establish
conduct of data communication. Once the turbo radio 260
ceases conducting the data communication across the addi-
tional spectrum, the baseline radio 250 may inform other
entities 1n the spectrum marketplace that data communica-
tion for the exemplary MMD 200 in the additional spectrum
has ceased.

As shown 1n FIG. 2, the individual RF radios, 1.e., the
baseline radio 250 and the turbo radio 260, may operate in
conjunction with the single baseband processor 270. In this
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regard, a signal from separate RF radios may be combined
in the digital portion represented by the single baseband
processor 270. Such a configuration may limit cost and
power requirements for the exemplary MMD 200. A trade-
ofl may be, however, that the overall efliciency of separate
communications, as they are processed by a single baseband
processor 270, may be reduced. Operations by multiple RF
radios 1n the manner described here regarding the single
baseband processor 270 are termed “coordinated” opera-
tions.

The exemplary MMD 200 may include a user interface
210 by which a user interacts with the exemplary MMD 200.
The user intertace 210 may be configured as one or more
conventional mechanisms that permit the user to input
information to the exemplary MMD 200, including a key-
board, keypad or touchscreen.

The exemplary MMD 200 may include a processor 220
for individually undertaking the processing and control
functions of the exemplary MMD 200. The processor 220
may be 1n the form of a conventional microprocessor that
interprets and executes instructions and processes data,
incoming for, and outgoing from, the exemplary MMD 200.

The exemplary MMD 200 may include a data storage
device 230. Such data storage device 230 may be used to
store data, and operating programs or applications to be used
by the exemplary MMD 200, and specifically by the pro-
cessor 220. Data storage device 230 may include a random
access memory (RAM) or another type of dynamic storage
device that stores information and instructions for execution
by the processor 220. Data storage device 230 may also
include a read-only memory (ROM), which may include a
conventional ROM device or another type of static storage
device that stores static information and structions for
execution by the processor 220. The data storage device 230
according to this disclosure 1s a data storage device that 1s
integral to the exemplary MMD 200.

The exemplary MMD 200 may include at least one data
display device 240 by which information regarding the
status of the exemplary MMD 200, and operations under-
taken by the exemplary MMD 200, may be displayed to a
user. The data display device 240 may be configured as one
or more conventional mechanisms that display information
to a user of the exemplary MMD 200.

All of the various components of the exemplary MMD
200, as depicted 1n FIG. 2, may be connected by an internal
data/control bus 290. The data/control bus 290 may provide
internal wired communication between the various compo-
nents of the exemplary MMD 200.

It 1s anticipated that the various disclosed elements of the
exemplary MMD 200 may be arranged in combinations of
sub-systems as 1ndividual components or combinations of
components, imtegral to the exemplary MMD 200. This does
not preclude, however, a configuration i which, for
example, a separate data storage device may be located
remotely from, and in wireless communication with, the
exemplary MMD 200.

FIG. 3 1llustrates a block diagram of a second exemplary
configuration for an MMD 300 according to this disclosure.
The exemplary MMD 300 includes the same types of
multiple radios to facilitate communications on multiple
frequency bands for the implementation of a spectrum
optimization plan, as described above, and as shown 1n FIG.
2. The exemplary MMD 310 may include a first radio,
baseline radio 350, and a second radio, turbo radio 360.

It should be noted that all of the individual components,
including the user interface 310, the processor 320, the data
storage device 330, the data display device 340, and the
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data/control bus 390 may be 1n accordance with the descrip-
tions of the comparable components 1 FIG. 2 discussed
above.

As shown 1n FIG. 3, the individual RF radios, 1.e., the
baseline radio 350 and the turbo radio 360, may operate in
conjunction with individual first and second broadband
processors 370,380. In this regard, signals from separate RF
radios may flow separately through the digital portion of the
exemplary MMD 300 represented by the individual first and
second baseband processors 370,380. Such a configuration
may increase cost and power requirements for the exemplary
MMD 300. A trade-off may be, however, that the overall
clliciency of the separate communications, as they are
processed by the multiple individual first and second base-
band processors 370,380, may be increased. Operations by
multiple RF radios in the manner described here regarding
the multiple individual first and second baseband processors
370,380 are termed “uncoordinated” operations.

FIG. 4 1llustrates a flowchart of an exemplary method for
operating an MMD according to this disclosure. As shown
in F1G. 4, operation of the method commences at Step S4000
and proceeds to Step S4100.

In Step S4100, data communication may be established
with a primary operator ASH via a baseline radio in a
multi-radio MMD. Operation of the method proceeds to
Step S4200.

In Step S4200, a request to access additional spectrum
directly, or via the primary operator ASH, may be forwarded
as a data communication to a spectrum marketplace, as
discussed above, using the baseline radio in the multi-radio
MMD. Operation of the method proceeds to Step S4300.

In Step S4300, an indication may be received via the
baseline radio 1n the multi-radio MMD of additional spec-
trum made available to the multi-radio MMD {for data
communication as a result of a spectrum availability trans-
action in the spectrum marketplace. Operation of the method
proceeds to Step S4400.

In Step S4400, signaling may be transmitted from the
baseline radio to a second radio, referred to as a turbo radio,
in the multi-radio MMD to turn on the turbo radio and to
establish, with the turbo radio, data communication accord-
ing to the indicated spectrum availability. The data commu-
nication by the turbo radio may be according to 1individual
spectrum characteristics provided to the spectrum market-

place by a providing PSI. Operation of the method proceeds
to Step S43500.

In Step S4500, the providing PSH may send a “STOP” or
“STOP <time>" message regarding the provided access to
additional spectrum that may be recerved via the baseline
radio or the turbo radio i the multi-radioc MMD. The
“STOP” or “STOP <time>"" message eflectively modifies the
end time of any availability window that the PSH provided
for the additional spectrum. Operation of the method pro-
ceeds to Step S4600.

In Step S4600, the baseline radio and the turbo radio may
then coordinate operations to cease data communication via
the accessed additional spectrum. The baseline radio may
also signal to the turbo radio to turn ofl for power savings
when data communication 1s not being undertaken by the
turbo radio. Operation of the method proceeds to Step
S4700, where operation of the method ceases.

The disclosed embodiments may include a non-transitory
computer-readable medium storing instructions which,
when executed by a processor in a multi-radio MMD, may
cause the multi-radio MMD to execute all or some of the
steps of a method as outlined above.
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The above-described exemplary systems and methods
reference certain conventional terms and components to
provide a brief, general description of a suitable communi-
cation and processing environment in which the subject
matter of this disclosure may be implemented in a multi-
radio MMD {for familiarity and ease of understanding.
Although not required, embodiments of the systems and
methods according to this disclosure may be provided, at
least 1 part, in a form of hardware circuits, firmware or
soltware computer-executable instructions to carry out the
specific functions described, including program modules,
being executed by a processor. It should also be understood
that certain of the functions described above may be carried
out by virtual logical elements that may be cloud-based.
Generally, program modules include routine programs,
objects, components, data structures, and the like that per-
form particular tasks or implement particular data types.

Those skilled 1n the art will appreciate that other embodi-
ments ol the disclosed subject matter may be practiced with
many types of mdividual MMD’s.

Embodiments include reference to functions that may be
practiced 1n distributed network and/or cloud-based com-
munication/computing environments where tasks are per-
formed by local and remote processing devices that are
linked to each other by hardwired links, wireless links or a
combination of both through a communication network. In
a distributed network environment, program modules may
be located 1n local, remote and virtual logical cloud-based
data storage devices.

Embodiments within the scope of this disclosure may also
include non-transitory computer-readable media having
stored computer-executable instructions or data structures
that can be accessed, read and executed by a processor in, for
example, a multi-radio MMD.

The exemplary depicted sequence of executable 1nstruc-
tions, or associated data structures for executing those
instructions, represents only one example of a corresponding
sequence of acts for implementing the functions described 1n
the method. The steps of the method, as depicted and
described, are not intended to imply any particular order to
the depicted steps, except as may be necessarily iferred
when one of the depicted steps 1s a necessary precedential
condition to accomplishing another of the depicted steps.
Many of the operations and functions described may occur
in parallel.

Although the above description may contain specific
details, they should not be construed as limiting the claims
in any way. Other configurations of the described embodi-
ments of the disclosed systems and methods are part of the
scope of this disclosure. This enables each user to use the
benefits of the disclosure even 11 any one of a large number
of possible applications, for example, being accessed by any
particular MMD, do not need a specific aspect of the
functionality described and depicted in this disclosure. In
other words, there may be multiple mstances of the com-
ponents, particularly individual MMD’s, each processing
the content 1n various possible ways. It does not necessarily
need to be one system used by all end users. Accordingly, the
appended claims and their legal equivalents should only
define the disclosure, rather than any specific examples
gIven.

We claim:

1. A multi-radio multi-mode device for implementing
dynamic spectrum access, comprising;:

a first radio 1n the multi-radio multi-mode device that 1s

configured to (1) establish a first data communication
link with a base station, (2) request additional spectrum
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access from a spectrum marketplace, and (3) receive
from the spectrum marketplace an indication of access
to additional spectrum;

wherein the first data communication link 1s used to
support a first level of data communication and to
signal availability of incremental band of additional
spectrum;

a second radio 1n the multi-radio multi-mode device that
1s configured to (1) recerve a signal to turn on from the
first radio, (2) turn on based on the received signal, and
(3) establish second data communication within the
received access to the additional spectrum:;

wherein the first radio signaling the second radio to cease
data communication within the recerved access to the
additional spectrum before the expiration of the time
parameter:;

a single baseband processor that converts the first data
communication and the second data communication
respectively from the first radio and the second radio to
digital data;

a second baseband processor that separately and respec-
tively convert the first data communication and the
second data communication from the first radio and the
second radio to digital data.

2. The device of claim 1, the indication of the access to the
additional spectrum including one or more characteristics
provided to the spectrum marketplace by an exclusive
licensee of the additional spectrum, the first radio receiving
the one or more characteristics and signaling them to the
second radio when the second radio turns on, and the second
radio establishing the second data communication using the
one or more characteristics.

3. The device of claim 2, the one or more characteristics
including at least a start time and an end time for access to
the available spectrum.

4. The device of claim 3, the first radio further receiving
a request from the exclusive licensee of the additional
spectrum to reclaim the additional spectrum, and signaling
the second radio to cease data communication within the
received access to the additional spectrum.

5. The device of claim 4, the first radio signaling the
second radio to turn off.

6. The device of claim 4, the request from the exclusive
licensee of the additional spectrum to reclaim the additional
spectrum including the time parameter by which the exclu-
sive licensee wants use of the additional spectrum to cease.

7. A system for implementing dynamic spectrum access,
comprising;

a first radio that 1s configured to (1) establish a first data
communication link with a base station, (2) request
additional spectrum access from a spectrum market-
place, and (3) receive from the spectrum marketplace
an indication of access to additional spectrum; a first
radio antenna;

wherein the first data communication link 1s used to
support a first level of data communication and to
signal availability of incremental band of additional
spectrum;

a second radio that 1s configured to (1) receive a signal to
turn on from the first radio, (2) turn on based on the
received signal, and (3) establish second data commu-
nication within the received access to the additional
spectrum; and a second radio antenna;

the first radio signaling the second radio to cease data
communication within the received access to the addi-
tional spectrum before the expiration of a time param-
eler;




US 9,648,589 B2

17

a single baseband processor that converts the first data
communication and the second data communication
respectively from the first radio and the second radio to
digital data.

8. The system of claim 7, the indication of the access to 5
the additional spectrum including one or more characteris-
tics provided to the spectrum marketplace by an exclusive
licensee of the additional spectrum, the first radio receiving
the one or more characteristics via the first radio antenna and
signaling them to the second radio when the second radio 10
turns on, and the second radio establishing the second data
communication via the second radio antenna using the one
or more characteristics.

9. The system of claim 8, the one or more characteristics
including at least a start time and an end time for access to 15
the available spectrum.

10. The system of claim 9, the first radio further receiving
a request from the exclusive licensee of the additional
spectrum to reclaim the additional spectrum, and signaling
the second radio to cease data communication within the 20
received access to the additional spectrum.

11. The system of claim 10, the first radio signaling the
second radio to turn off.
12. The system of claim 11, the request from the exclusive
licensee of the additional spectrum to reclaim the additional 25
spectrum 1ncluding the time parameter by which the exclu-
sive licensee wants use of the additional spectrum to cease.

13. The system of claim 7, further comprising a second
baseband processor that separately and respectively convert
the first data communication and the second data commu- 30
nication from the first radio and the second radio to digital
data.

14. A method for implementing dynamic spectrum access

using a multi-radio multi-mode device, comprising:
establishing first data communication with a base station 35
using a first radio 1n a multi-radio multi-mode device;
requesting additional spectrum access using the first
radio 1in the multi-radio multi-mode device:

wherein the first data communication link 1s used to

support a first level of data communication and to 40
signal availability of incremental band of additional
spectrum;

receiving from a spectrum marketplace an indication of

access to additional spectrum via the first radio;
signaling by the first radio to a second radio 1 the 45
multi-radio multi-mode device to turn on based on the
receiving ol the access to the additional spectrum; and

establishing second data commumcation within the
received access to the additional spectrum using the
second radio; 50

wherein the first radio signaling the second radio to cease
data communication within the recerved access to the
additional spectrum before the expiration of a time
parameter;

wherein the first radio and the second radio operating with 55

a single baseband processor 1n the multi-radio multi-
mode device.

15. The method of claim 14, the indication of the access
to the additional spectrum including one or more character-
istics provided to the spectrum marketplace by an exclusive 60
licensee of the additional spectrum.

16. The method of claim 15, the second data communi-
cation being established using the one or more characteris-
tics.

17. The method of claim 16, the one or more character- 65
istics including at least a start time and an end time for
access to the available spectrum.

18

18. The method of claim 17, further comprising receiving
via the first radio a request from the exclusive licensee of the
additional spectrum to reclaim the additional spectrum.

19. The method of claim 18, the first radio signaling the
second radio to cease data communication within the
received access to the additional spectrum.

20. The method of claim 19, the first radio signaling the
second radio to turn off.

21. The method of claim 18, the request from the exclu-
sive licensee of the additional spectrum to reclaim the
additional spectrum including the time parameter by which
the exclusive licensee wants access to the additional spec-
trum to cease.

22. A non-transitory computer-readable medium storing,
computer-readable instructions which, when executed by a
processor, causes the processor to execute a method for
implementing dynamic spectrum access, the method com-
prising:

establishing first data communication with a base station

using a first radio 1 a multi-radio multi-mode device;
wherein the first data communication 1s used to support a
first level of data communication and to signal avail-
ability of incremental band of additional spectrum;

requesting additional spectrum access using the first radio
in the multi-radio multi-mode device;

recerving from a spectrum marketplace an indication of

access to additional spectrum via the first radio;
signaling by the first radio to a second radio in the
multi-radio multi-mode device to turn on based on the
receiving of the access to the additional spectrum; and
establishing second data communication within the
received access to the additional spectrum using the
second radio;
wherein the first radio signaling the second radio to cease
data communication within the recerved access to the
additional spectrum belore the expiration of a time
parameter:;

wherein the first radio and the second the operating with

a single baseband processor 1in the multi-radio multi-
mode device.

23. The non-transitory computer-readable medium of
claim 22, the second data communication being established
using the one or more characteristics.

24. The non-transitory computer-readable medium of
claim 23, the one or more characteristics including at least
a start time and an end time for access to the available
spectrum.

25. The non-transitory computer-readable medium of
claim 24, further comprising receiving via the first radio a
request from the exclusive licensee of the additional spec-
trum to reclaim the additional spectrum.

26. The non-transitory computer-readable medium of
claim 25, the first radio signaling the second radio to cease
data communication within the received access to the addi-
tional spectrum.

27. The non-transitory computer-readable medium of
claim 26, the first radio signaling the second radio to turn off.

28. The non-transitory computer-readable medium of
claim 25, the request from the exclusive licensee of the
additional spectrum to reclaim the additional spectrum

including the time parameter by which the exclusive
licensee wants access to the additional spectrum to cease.

29. The non-transitory computer-readable medium of
claiam 22, the first radio and the second the operating
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respectively with a first baseband processor and a separate
second baseband processor in the multi-radio multi-mode
device.

20
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